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SUMMARY

Time-history data obtained by the NACA VGH recorder from one model
of & four-engine civil transport airplane during operations on three
routes are analyzed to determine the magnitude and frequency of occurrence
of gust velocities, gust and maneuver accelerations, and the associated
alrspeeds. Variations of the gusts and gust accelerations with route
and flight condition are indicated. Estimates of the overall gust and
gust-load histories for extended operations on one route are obtained
by supplementing the date from the NACA VGH recorder with availsble data
from the NACA V-G recorder.

INTRODUCTION

Past analyses of data from the NACA V-G and the NACA VGH recorders
(see, for example, refs. 1 and 2) have yielded information on the magni-
tude and frequency of occurrence of gust velocities, gust and maneuver
accelerations, and the associated airspeeds and altitudes for several
types of airplanes flown by different operators on various routes. This
information in the past has proved useful in the formulation of design
requirements, in studies of fatigue problems, and in the prediction of
gust and load histories for new types of operations.

As a continuation of the study of the gust and load histories for
transport airplanes, three samples of VGH records have been cbtained from
four-engine commercial transport airplsnes. These samples represent 1,012,
1,958, and 1,080 flight hours of operation on a transcontinental, trans-
pacific, and transatlantic route, respectively, and cover operations up
to an altitude of approximately 25,000 feet. A sample of V-G data
covering about 15,000 hours also has been obtained from the transconti-
nental operations.
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The VGH data have been analyzed to determine the magnitude and
frequency of occurrence of gust velocities, gust and maneuver accelera- .
tions, and the associated eirspeeds for each of the three operations.
The V-G data are used to supplement the VGH data from the transconti-
nental operation in order to derive estimates of the overall gust and
gust acceleration histories for this operation. In addition, the
V-G data have been used to indicate the frequency of attaining high
values of indicated airspeed.

t2

~

INSTRUMENTATION AND ATRPIANE

The data were collected with NACA VGH and V-G recorders which are
described in detail in references 3 and 4, respectively. The NACA
VGH recorder yields a time-history type of record of indicated airspeed,
altitude, and normal acceleration from which the detailed load and gust
history of the airplane, together with pertinent operating conditions
such as alrspeeds and altitudes, cen be obtained. The record from the
NACA V-G recorder represents the maximum accelerations which occur
throughout the airspeed range for the period covered by the record,
usually 100 to 250 flight hours. The V-G data are used, therefore,
primarily to obtain estimates of the maximum and relatively infrequent .
gust velocities, accelerations, and airspeeds, whereas the VGH data are
used for detailed studies of gust and load histories. A more complete
discussion of the nature and uses of the data from the two recorders is
given in reference 2.

13

Cheracteristics of the airplane which are pertinent to the evalua-
tion of the data are described in the following table:

Design gross weight, W, 1b . +. . « & ¢ ¢ « ¢ o « = « & « « - « 147,000
Wing area, S, 8 £ " . o« ¢« ¢ v ¢ ¢ 4 it 4 4t et d e e e . . 1,720
Aspectratio,A................. ...... 11.70
Mean aerodynamic chord, &, ft . e s e e e e e e s 12.88
Slope of 1lift curve per radian (computed) s M e o o o o o o o - 5.12
Design speed for maximum gust intensity (indicated),

VBy DR« o v v e e e e e e e e e e e 202
Design cruising speed (indicated), Vo, mph . . . . . . . . . . 312
Never-exceed speed (indicated), Vgg, mph . . . . . . . . . . . 390
Iimit-gust-load factor (computed) . . . . « .« . . . . . e e 2.18
Gust alleviation factor for gross weight (ref. 5), K . . . . . 1.21

The values listed in the table were obtained from the airplane design
manual unless otherwise indicated. . The slope of the 1lift curve was

calculated (es recommended in ref. 6) from the relation A—ééﬁ , where N
+

e
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A 1s the aspect ratio.

puted according to current Civil Air Regulations (ref. 5).
is based on a gross weight of 147,000 pounds and an effective gust
velocity Ue of 30K feet per second at the design cruising speed Vg

Although the limit-gust-load factor
was calculated to be 2.18, the airplane was designed to the minimm
meneuver load factor of 2.5 as required by the regulations (ref. 5).

of 312 miles per hour (ref. 6).

SCOPE OF DATA

The limit-gust-load factor of 2.18 was com-
This value

The VGH data were obtalned from three airplanes flown on different

routes by three operators.

The operations covered by the data and the

sample size from each operation are summarized in the following table:

Operation A _Operation B | Operation C
New York to |Los Angeles to| Northern
Burope and Honolulu to | transconti-~
South America| San Francisco nental
Average length of flight, hr 4.63 8.4 2.03
Average operating altitude, ft 12,700 12,400 13,500
Average indicated airspeed, mph 213 208 218
Total hours of record available 1079.8 1958.6 1012.5
Dates of record collection Mar. 1952 to | Nov. 1931 to |Feb. 1950 to
Sept. 1953 Dec. 1953 May 1952

As shown in the table, the main differences among the three operations
are the routes flown and the average length of flight.

The V-G data were obtained from four airplanes used in operation C
and covered 15,387 hours of flight during the period ﬁ_'om January 1951

to July 1953.

EVALUATION OF RECORDS

VGH Records

The VCGH records from each operation were evaluated essentially in
accordance with the methods used in references 2 and 7 to obtain fre-
quency distributions of gust and maneuver accelerations, airspeeds, and
altitudes. For these evaluations, each flight on the VGH records was
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divided into three flight conditions - climb, en route, and descent. ‘
The c¢limb condition covered the time from take-off until the airplene
began to maintain level flight as was indicated by the altitude trace

of the record. The descent was considered to begin when the airplane
began to lose altitude consistently and to end when the airplane touched
down. The portion of the flight between the climb and descent was con-
sidered to be the en-route condition and ordinarily conteined some
en-route changes in altitude.

In order to distinguish between maneuver and gust accelerations in
the records, the criterion used was that gust accelerations have a much
higher frequency than maneuver accelerations and that the positive and
negative gust accelerations in the VGH records follow one another in a
random manner. In addition, high-frequency low-intensity fluctuations
of the airspeed trace occurred simultaneously with the gust accelerations
but were not apparent during maneuvers.

The evaluation procedure consisted of reading from the records the
gust and maneuver acceélerations by using the steady-flight position of
the acceleration trace as a reference. The threshold values from which
the accelerations were read differed and this difference depended upon
whether the acceleration resulted from a maneuver or from a gust. Only
the meximum value was read for each deflection of the acceleration trace
greater than the given threshold velue. Each gust acceleration which °
exceeded a threshold of +0.3g was read end tabulated, together with the
corresponding airspeed and altitude values. Inasmuch as the maneuver
accelerations were smaller in generel than the gust accelerations, a
reading threshold of +0.lg was used in evaluating maneuver accelera-
tions. The maneuver accelerations were also classed and tabulated, as
in reference T, according to the purpose of the flight. Thus, maneuver
accelerations which occurred during routine operational flights are
classed as "operational maneuvers" and those which occurred during
airplane or pilot check flights are called "check flight" maneuvers.
For operation C, the check-flight-maneuver data were taken from refer-
ence T where +the distribution was given to & threshold of +0.3g under
the listing of airplane E.

The evaluation of the records to obtain distributions of alrspeed
and altitude consisted simply of tebulating the Indicated airspeed and
pressure altitude for each l-minute interval of flight. The number of
flight hours evaluated to obtain the various distributions of accelera-
tion, airspeed, and altitude are indicated in the following teble:
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Operation A |Operation B|Operation C

Total record hours available 1079.8 1958.6 1012.5

Hours evaluated for gust accelera- 1078.5 1953.4 875.5
tions, alrspeeds, and altitudes

Hours evalusted for check-flight 1079.8 1958.6 1012.5
maneuvers

Hours actually spent in check 1.3 5.2 T-5
flights

Hours evaluated for operational 306.8 309.6 252.3
maneuvers

As shown in the table, most of the available records were evaluated for
eirspeed, altitude, gust, and check-flight-maneuver acceleration data.
About 137 hours of records for operation C were not evaluated for gust
accelerations because of the poor quality of the record. It may be
noted that the emount of time actually spent in check flights was small
and varied from 1.3 to 7.5 hours. Previous work (ref. 7) has indicated
that reasonably accurate estimates of the frequency of operational
maneuvers may be obtained from record samples as small as sbout 60 hours.
In order to reduce the evaluation time, therefore, only portions of each
sample of s record were evaluated for operational maneuvers.

Gust velocities were derived from the gust accelerations and the
associated airspeeds and altitudes by means of the gust equation dis-~
cussed in reference 8:

Uge = EEW:.L
gpc,VemS
where
Uge derived gust velocity, fps
W alrplane welght, 1b
&y normel acceleration, g units (corresponds to An used in
ref. 8)

Kg gust factor
Po . alr density at sea level, slugs/cu ft

Ve equivalent airspeed, fps
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m slope of lift curve per radiam
S wing area, sq ft

The values for the gust factor K, were based on the mass parameters
of the airplane computed for the midpoint altitude of each 5,000-foot
interval and varied from 0.750 for 2,500 feet to 0.812 for 22,500 feet.
Since detailed information on the operating weight at the time of gust
encounters was not available, an assumed average operating weight of
0.85 design weight was used in determining the values of Kg and in

calculating the gust velocities. It should be noted that because of

the use of the revised gust-load formula the derived gust velocities Uge
for the present data are higher by a factor of roughly 1.6 than the
corresponding effective gust velocities U, computed in most past anal-

yses of airline gust data (see, for example, ref. 1).

V-G Records

The values read from each V-G record were the maximum positive and
negative accelerations ap occurring at speeds above 140 miles per

hour and the maximum indicated airspeed Vmax. No accelerations were
read at speeds below 140 miles per hour in order to exclude impact shocks
during landing. The 166 V-G records evaluated represented from 62 to
111 f£light hours per record, the average number of hours being 92.6.

The meximum positive and negative gust velocities Udema.x were

computed for each record by using the acceleration values and the respec-
tive values of airspeed in the gust-veloclity formule previously presented.
The value of the gust factor Kg used for eveluating the gust velocities

from the V-G date is based on the average operating altitude of 15,500 feet
and an assumed average operating weight of 0.85 design weilght.

RESULTS

The data evaluated from the VGH and V-G records are given in
tables I to IV in the form of frequency distributions of the cbserved
values of acceleration, gust velocity, and airspeed. Class intervals of
0.1g for acceleration, 4 feet per second for gust velocity, and 5 miles
per hour for airspeed were used for grouping the data in the distributions.

In order to compare the gust accelerations for the three operations,
the date given in table I(a) are plotted in figure 1 in terms of the
average number of accelerations greater than given velues per mile of
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flight. TFor this purpose, the positive and nmegative distributions of
an were combined without regard to sign since the two distributions

were essentlially symmetrical. The ordinate values were obtained by
progressively summing (by starting with the frequency for the largest
acceleration) each combined frequency distribution Zf and then dividing
each sum by the flight distance 1 represented by the data.

The frequency of occurrence of gust accelerations by flight condi-
tion (climb, en route, and descent) for each of the three operations is
given in figure 2. The data plotted in the figure were obtained from
table I(b).

The positive and negative distributions of accelerations from
operational and check~flight maneuvers (table II) are plotted in fig-
ure 3 for each operation in terms of the frequency of occurrence of
accelerations greater than given values. In order to compare the mag-
nitude and frequency of occurrence of accelerations ceused by gusts and
maneuvers, the gust-acceleration data of figure 1 and the combined
distributions of check-flight- and operational-meneuver date are plotted
in figure 4 for each operation. The combined maneuver distributions for
each operation were obtained by summing the ordinate values of the
operetional- and check-flight-maneuver distributions in figure 3.

The synthesis of V-G and VGH data permits an estimate to be made
of the overall gust-load history for a given operation (see ref. 2).
Owing to the envelope nature of the V-G records, the V-G data provide
information on only the largest accelerations experienced. From the
VGH data, on the other hand, reliable estimates of all the smaller
values are possible provided representative samples of data are used.
The V-G and VGH acceleration data for operation C are plotted in fig-
ure 5. In figure 5, a curve has been faired through the data points
to Indicate the expected frequency of occurrence for the entire range
of accelerations for the operation.

In order to compare the gust velocities encountered in operations A,
B, and C, the gust data from table III(a) are plotted in figure 6 in
terms of the frequency of occurrence of gust velocities greeter than
given values per mile of flight. The gust distribution for operation C
is also plotted in figure T together with the distribution of maximum
gust velocities Uge (teble ITI(b)) obtained from the V-G data for

the operation. The solid line in figure T was faired to represent the
overall gust history for the operation.

The distributions of indicated airspeed obtained from the l-minute
tabulations of the VGH data are given in figure 8 as the portion of the
total time in each flight condition which was spent at given airspeeds.
In order to compare these data with the airspeeds used in rough air, the
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distributions of airspeed at which gust accelerations greater than +0.3g
were experienced are shown in figure 8 as dashed curves. The design
speed for meximum gust intensity Vp and the design cruising speed Ve

are also indicated in figure 8.

The distribution of maximm airspeeds Vpmax (table IV) obtained

from the V-G data for operation C is plotted in figure 9 in terms of the
average number of flight miles to exceed a given value of airspeed.

PRECISION AND REILIABILITY OF RESULTS

The accuracy of the date presented herein depends on the inherent
instrument errors, installation errors, and reading errors. The inherent
instrument errors of the VGH recorder and a general discussion of instal-
lation errors for the instrument are given in reference 3. A discussion
of reading errors applicable to the present VGH date is contained in
reference 2. The VGH installations met the basic installation require-
ments given in reference 3; consequently, it is felt that the installa-
tion errors for the present date are negligible. The estimated total
error in the VGH data for each of the quantities measured is:

Acceleration, g « . . ¢« + ¢ ¢ ¢ ¢ v 4 e 0 e . B M0 5]
Indicated alrspeed, mph
AE 250 mph . . . ¢ . 4t i et e e e e e e e e e e e e . 2.5
Pressure altitude, ft
At 2,000 £t . . . . . .. © e e e e o e 1150
At 20,000 £t . . . . . . o o s e e e e e +300

On the basis of laboratory calibrations (ref. 4) the errors inherent
in the NACA V-G recorder are less than +0.1g for acceleration and about
3 miles per hour for airspeed. Errors which may have occurred in reading
the V-G records are believed to be negligible.

In addition to the problem of instrument precision, there is also
a problem regarding the statistical reliablility of the date samples
(that is, applicability to extended periods of operation). Unfortunately,
precise methods of determining the statistical relisbility of the present
results are not availeble. An indication of the reliaebility of the
results may be obtained, however, by examining the veriations among the
data from individual records end groups of records forming the total
sample. Based on such observations and on past experience with results
of the type presented, it is estimated that the total distributions of
gust accelerations (fig. 1) and gust velocities (fig. 6) are relisble
within a factor of about 2 (on the ordinate scale) at the smaller values
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and a factor of 3 at the higher values. These factors represent spreads
of roughly 10 percent in the gust accelerations of figure 1 and the gust
velocities of figure 6. The reliability of the distributions by flight

condition is less, however, since these distributions represent smsller

date semples. The distributions of accelerations, gust velocltles, and

alrspeeds obtained from the V-G data are estimated to be reliable within
a factor of 4 for the higher values.

A discussion of the reliebility of maneuver acceleration distribu-
tions obtained from operational datae is given in reference 7 which indi-
cated that maneuver distributions were changed only slightly by increasing
the sample size from 60 to 300 hours. Based on the information in refer-
ence T and on comparisons of data samples of different sizes, the distri-
butions of maneuver accelerations given in figure 4 are estimated to be
reliable within a factor of about 3 over the range of the data. It should
be noted that higher values of maneuver accelerations may occur in
extended operations. The manner in which the maneuver distributions
should be extrapolated for extended operations, however, is not known.

DISCUSSION

Gust Accelerations

Comparison of the curves of figure 1 indicates that, for the three
operations shown, differences of about 3:1 are appsrent in the fre-
quencies of occurrence for given values of acceleration. For a glven
frequency of occurrence, for example, 10-1 per mile, figure 1 indlicates
that the accelerations for operations A and C are approximately 15 per-
cent higher than those for operation B. Differences of the order of 3:1
in these data may be sufficiently large as to be of importance to the
operator and designer in considering such factors as fatigue life.
Whether these differences are real or are due to sampling fluctuations
unfortunately is not known because presently avalleble statistical
techniques do not provide an answer to this question in & simple manner.

Inspection of figure 2 indicates that, for each of the three opera-
tions, the greatest number of gust accelerations per mile of flight were
experienced in the descent condition and the least number in the en-route
condition. The higher frequency of accelerations during the descent
condition is due to the combined effects of increased gust frequency at
low altitudes and high indicated airspeeds during the descent. From
teble I(b) it mey be seen that a high percentage (about 40 to T5 percent)
of the total number of accelerations for each operation occurred during
descent. A reduction in airspeed for this portion of flight could result,
therefore, in a substantial reduction in the total number of accelerations.

. e s ——— - e
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Calculations indicate, for example, that a 10-percent reduction in air-
speed during descent for operation B would result in & reduction of
about 30 percent in the total number of accelerations greater than 0.3g.

Maneuver Accelerations

Figure 3(a) indicates that the distributions of accelerations
caused by operational maneuvers are similar for the three operations
and that differences of about 3:1 exist in the frequencies for given
acceleration values. Also, the distributions of positive and negative
accelerations for each operation are essentially symmetrical. A breask-
down of the operational-maneuver data by flight condition showed that
the descent condition had the highest frequency of occurrence per mile
of flight and the climb condition the next highest. A comparison of
the present frequency distributions with the distributions given in
reference T for five operations involving transport alrplenes indicates
good agreement with respect to the symmetry of the positive and negative
values. The frequency distributions for the present operations lie at
the lower limit of the distributions shown in reference T and, from the
overall viewpoint, do not appear to be significently different.

Figure 3(b) shows that the magnitude and frequency of occurrence
of positive and negative check-flight accelerations are significantly
higher for operation C than for the other itwo operations. In addition,
the data show that, for each operation, the magnitude and frequency of
the positive accelerations are higher then those for the negative
values. Although a larger percentage of the total flight time of
operation C was spent in check flights than for operations A and B,
this fact accounts for only a part of the large difference noted between
the frequencies of accelerations. The remeinder of the difference is
due to differences between airline and pilot practice in regard to the
type, severity, and frequency of maneuvers performed during check
flights. The applicability of the results in figure 3(b) to extended
periods of operation may be open to some question owing to the small
number of check-flight hours for which data were available (table II(b)).

Figure 4 shows that the magnitude and frequency of occurrence of
accelerations caused by gusts are higher than those caused by maneuvers
(operational and check-flight) for operations A and B. For operation C 9
however, the maneuver accelerations occur more frequently than gust
accelerations for values of &, greater than O.hg. It appears, there-
fore, that the relative contribution of gusts and maneuvers to the total
number of loads varlied between operators and is determined largely by
airline practice in regard to the performance of check flights.

Inspection of figure 5, which gives en estimate of the overall gust
load history for operation C, indicates that the frequency of occurrence
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per mile of flight decreases from about 4 x 103 for a, of 0.3g to

3 X 10-6 for a, of 1l.0g. The frequency of occurrence of accelerations
greater than 1.18g, which corresponds to the limit-gust-load-factor
inerement, is about 8 X 10-T per mile or once in approximately 1.3 X 106
flight miles. This frequency of exceeding the acceleration corresponding
to the limit-gust-load-factor increment is in good agreement with the
results reported in reference 9 for seven other operations involving both
twin-engine and four-engine transports. Figure 4 indicates that trans-
port airplanes may be subjected at times to large maneuver accelerations,
and the possibility exists that V-G date (such as those used in fig. 5)
might be blased by maneuvers. Although attempts are made during the
evaluation of the V-G records to eliminate obvious maneuver accelerations,
particularly those which occur at the lower airspeeds during descent and
landing, some bias might unknowingly be present in the results shown.

Gust Velocities

Figure 6 shows that differences of the order of 2:1 exist among the
frequency of occurrence of gust velocities between epproximately 15 and
35 feet per second for the three operations. The gust distributions in
figure 6 are incomplete for gust velocities below about 15 feet per second
because of the method of evaluation (see ref. 2) and the reliability of
the distributions above about 35 feet per second is decreased because of
the smell number of observed values. Over the relisble range (15 to
35 feet per second) of the data, however, the results in figure 6 indi-
cate that the differences in the frequency of occurrence of gust veloci-
ties on the three routes would result in a 2:1 variation in accelerations
for the three operations 1f the airspeed practices were similar.

In order to determine possible effects of flight altitude on the
gusts encountered, the gust-velocity date from the VGH records were
analyzed to determine the variation of the gust frequency with altitude.
The results of the analysis showed a large decrease in the number of
gusts per mile of flight with increasing altitude for each of the three
operations. As an example, gust veloclitlies of glven intensities were
encountered only about one-tenth as frequently above 10,000 feet as below
this altitude.

The estimated overall gust history for operation C given in figure T
shows, as would be expected, a continuous decrease in the frequency of
occurrence for increasing values of gust veloclty. For example, figure T
indicates that the frequency of occurrence of Uz, equal to or greater
then 4O feet per second is only about one-fiftieth that for Uge of
20 feet per second. Figure 7 shows that a t velocity of 50 feet per
second is exceeded, on the average, 5 X 107© times per mile or once in
approximately 2 X 10° flight miles. This frequency of exceeding Uge
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of 50 feet per second agrees with the results given in reference 9 for
seven other operations involving both twin-engine and four-engine
airplanes. As previously noted, maneuvers might have biased the

V-G acceleration data and, eccordingly, the gust velocities given in
figure T which were derived from the same data would also be biased.

Alrspeeds

The overall speed distributions given in figure 8 (solid lines)
indicate that, for each operation, the indicated airspeeds in climb were
lower than those for the en-route condition and that the highest air-
speeds occurred during the descent. Comparison of the distributions for
the climb conditions shows that differences of 10 to 15 miles per hour
exist among average climb speeds for the three operations. Similar
differences are evident emong the airspeeds for en route and descent
and evidently result from differences among the operating practices of
the operators. Each of the three airplanes were normelly operated well
below the design cruising speed Ve of 312 mph, the average speeds being.
0.68Vy, 0.67Vg, end 0.TOVg for operations A, B, and C, respectively.

Inspection of figure 8 indicates that, for each of the three opera-
tions, the airspeed distributions in rough air are very simllar to the
airspeed distributions for the overall operations. Thus, there eppears
to have been little or no reduction in airspeed upon encountering rough
air. For the climb and en-route conditions, figure 8 indicates that the
average speeds were close to the design speed for meximm gust inten~
sity Vg of 202 miles per hour and, consequently, no general reduction
in airspeed was required upon encountering rough air. The lack of a
reduction in airspeed in rough air for the descent condition may be due
40 .the fact that the pilot did not anticipate the turbulence in time to
reduce the airspeed or to a practice of not reducing airspeed unless
very severe turbulence is encountered.

The distribution of maximm airspeeds given in figure 9 for opera-~
tion C shows that the meximum eirspeed recorded in the 15,000 hours of
data was sbout 340 miles per hour. The trend of the airspeed distribu-
tion suggests that the possibility of the never-exceed speed Vyp of

390 miles per hour being exceeded 1s very remote. For operations
involving other types of four-engine airplanes, reference 9 indicates
thet the distance to exceed Vyg varied fram 0.1 X 106 to 20 x 106
flight miles. TIn comparison with those operations, therefore, the
frequency of exceeding Vg <for operation C is significantly lower.
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CONCLUDING REMARKS

An enalysis of VGH date obtained on a four-engine tremsport air-
plane operated on three commercial routes indicates differences of about
3:h. between the acceleration distributions and ebout 2:1 between the
gust-veloclty distributions for the three different operations. The
relative contribution of gusts and maneuvers to the total number of loads
varied between operators and is determined largely by airline practice
in regard to the performance of check flights. The airspeed practices
for the three operations were similar for flight in both smooth and rough
air. Estimates of the frequency of experiencing large accelerations and

gust velocities are in good agreement with results from similar opera-
tions sampled previously.

Iangley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
Iangley Field, Va., November 8, 1954.
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TABLE I

FREQUENCY DISTRIBUTIONS OF GUST ACCELERATIONS

(a) Positive and negative accelerations for total VGH samples

15

Frequency distribution for -
Acceleration, a,,
g units Operation A | Operation B | Operation C
1.1 to 1.2 — -—— —
1.0 to 1.1 — — -_—
.9 to 1.0 -— 1 —
8to .9 - — —
.Tto .8 2 —— 2
.6 to .7 4 2 2
.5 t0 .6 16 8 15
A to .5 53 45 81
3 to b 289 272 364
-.3 to -.h 218 208 367
-k to -.5 59 56 o7
-.5 to -.6 11 13 11
-.6 to -.7 y L T
-.7T to -.8 1 2 3
-.8 to -.9 1 1 _—
-.9 to -1.0 - —— —-——
-1.0 to -1.1 — — —
-1.1 to -1.2 1 ——— —
Total 659 612 909
Sample size, hr 1078.5 1953.k 875.5
Flight miles 2.8} x 10° 4.88 x 109 2.35 x 10°

o ———
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TABLE I

mmmwmm-cm
(b) Flight condition

Frequency distribution for -

YRy PRI =
AcCCOJulatlua, lh

(positive end negative), 0linb BEn route Descant
g unlta
Operation AlOperation B|Operation C|Operation AjOperation B Operation C|Operation A|Operation B|Operation €

0.3 to 0.4 & 8 100 200 131 90 ] 260 51,
Jto .5 16 19 10 59 3h 18 37 48 110

5 to .6 1 - 2 22 16 3 L 5 21

6 to .7 ~—— - 1 6 ] i 2 3 7
Tto .8 — - 1 3 1 -— —— 1 'y
Bt .9 - — - 1 -— — —— 1 -—

.9 to 1.0 -— — _— — -— — — 1 -

l.O 1‘0 101 - —— - - - = - - - o [R—

1.1 to 1.2 ——— -— — 1 — — o - —

1.2 to 1.3 —— — _— - -— — - —— -—

1.3 to 1.4 _— — ——— - — -— -— o —
Total 102 108 1 - 292 185 112 265 319 653
Sampla size, hr 81.0 82.1 120.6 806.1 1764.0 600.3 101.1 107.3 L.6
Flight miles 1.93 x 20%] 1.81 x 10* | 2.65 x 1% | 2.33 x 100 | h.he x 15| 1.66 % 15 | 2.80 x 104 | 2.87 x 10% | b.29 x 10*
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NACA TN 3365

TABLE I
FREQUENCY DISTRIBUTION OF GUST ACCELERATIONS - Concluded

(¢) Makimm gust accelerations from V-G records for operation C

Meximm ecceleration, Frequency
8n ny? 8 Umits distribution
0.3 to 0.4 2
A4 to .5 28
.5 to .6 84
.6 to .7 91
.7 to .8 63
.8 to .9 25
.9 to 1.0 16
1.0 to 1.1 17
1.1 to 1.2 1
1.2 to 1.3 N
1.3 to 1.4 1
Total 332
Sample size, hr 15,387
Flight miles 3.15 x 106
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TABLE II

NACA TN 3365

FREQUENCY DISTRIBUTIONS OF MANEUVER ACCELERATTONS

(2) Operational maneuver

Frequency distribution for -~

Acceleration, &y,
g units Operation A | Operation B | Operation C
0.6 0 0.7 | mmmmm | emmem ] mmee-
S5to 6 | eeem- ———— 2
A to .5 1 1 N
3 to b 2l T 11
.2 to .3 1k 88 190
1t .2 1,473 TT70 1,196
-.1 to -.2 2,248 1,220 1,183
-.2 to -.3 180 86 198
-3 to -.4 18 11 16
-k to -.5 i ————— 2
“-5t0 =6 | mmmee | mmmee | e
-6 10 =T | emeee ] emmmm | -
Total 4,089 2,183 2,802
Sample size, hr 306.8 309.6 252.3%
Flight miles 8.08 x 10% | 7.75 x 104 | 6.78 x 10t




NACA TN 3365

FREQUENCY DISTRIBUTIONS OF MANEUVER ACCELERATIONS -~ Concluded

TABLE IT

(b) Check-flight

maneuver

Acceleration; a, Frequency distribution for -
g units Operation A | Operation B Qper?tion Cc
1
1.0 to 1.1 — _— 2
.9 to 1.0 _— ~— 2
.8 to .9 —— — 11
.7 to .8 : — — 9
6 to .7 — _—— 20
5 to .6 - 1 25
A to .5 —-— L 39
.3 to b 3 15 W
2 t0 .3 20 38 _—
.1t .2 ™ 120 —
-.1 to -.2 L8 7 -
-.2 to -.3 5 12 -_—
-3 to -.h — 1 8
-4 to -.5 -—— -— y
-.5 to -.6 ——— - 2
-.6 to -.7 — — o
Total (positive
and negative) 150 268 168
Sample size, hr 1079.8 1958.6 1012.5
Time in check
flights, hr 1.25 5.2 7.5
Flight miles 2.8 x 105 | 4.9 x 100 2.72 X 105

1pistribution obtained from reference T.

——— -
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TABLE IIT

NACA TN 3365

FREQUENCY DISTRIBUTIONS OF GUST VELOCITIES

. (a) VGH samples

Gust velocity, Uge, Frequency distribution for -
fps Operation A | Operation B | Operation C
6 to 10 ——— -— —

10 to 14 28 N 175

14 to 18 313 251 419

18 to 22 208 211 225

22 to 26 66 105 60

26 to 30 26 27 19

30 to 34 9 6 7

34 to 38 P 3 5

38 to L2 N 1 1

42 to 46 _— —— -

46 to 50 — 1 —

50 to 54 -— — ——
Total 659 612 909
Sample size, hr 1078.5 1953.4 875.5
Flight miles 2.81 x 100 | 4.88 x 100 | 2:35 x 1D




NACA TN 3365

TABLE TIIT
FREQUENCY DISTRIBUTIONS OF GUST VELOCITIES -~ Concluded

(b) Maximum gust velocities from V-G records for operation C

Meximum gust velocity, Frequency
Uge s Tps distr;bution
16 to 20 3
20 to 2k 16
2L o 28 56
28 to 32 (]
32 to 36 v
36 to 40 4y
. 4o to 4k 25
L to 48 20
48 to 52 8
52 to 56 h
56 to 60 5
60 to 64 2
64 to 68 1
68 to T2 -
T2 to T6 1
Total 332
Semple size, hr 15,387
Flight miles %.13 x 105




TABLE IV

NACA TN 3365

FREQUENCY DISTRIBUTION OF MAXIMUM INDICATED ATRSPEED

FROM V-G RECORDS FOR OPERATION C

Maximum airspeed, Vp., Frequency
mph distribution
285 to 290 3
290 to 295 4
295 to 300 19
300 to 305 19
305 to 310 < h
310 to 315 43
315 to 320 1k
320 to 325 12
325 to 330 8
330 to 335 1
335 to 340 1
340 to 345 1
Total 166
Sample size, hr 15,387
Flight miles 4.13 x 106




NACA TN 3365 25
102 |
Operatlion
- A
B
c
10~3
<
G
WL
3
]
[}
[ =
)
3]
§1o'l‘
ot
[]
& |
[+]
b
o+
g
10~5
-
O o
=6
10
0 2 ol 6 .8 1,0 1,2

Acceleration, &, , g units

Figure l.- Comparison of the frequency of occurrence of gust accelerations

for three operations.




Figure 2.- Comparison of the frequency of
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descent for three operations.
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Figure 5.- Composite curve of the frequency of occurrence of gust
acceleretions for operation C.
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for three operations.



NACA TN 3365 29

10°%

(O  VGH data
1 V-G data
10-2] "

[
(=]
[
N
el

-

Q
!

L

Cumilative frequency per mile, 2 f/i
I-o-.l
£

-6
10
)i

10=7

0 16 32 48 6l 80
Gust velocity, Uges fps
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